Abstract. In the presented contribution two groups of techniques of computational physics -fluid modelling and non self-consistent particle technique were used to study plasma-solid interaction in argon plasma. We focused both on the physical processes taking place in the sheath at various pressures and on the problems of computational physics. The attention was given to preparation of two-dimensional fluid models with realistic assumptions about physical processes taking place in plasma during the plasma-solid interaction, further to improvement of the non self-consistent technique of particle modelling, where the external electric field was obtained either from the fluid model or directly from the trajectories of charged particles and finally to efficiency of individual algorithms.
Introduction
The understanding of processes in the boundary layer between plasma and immersed substrates is very desirable both in probe diagnostics and in plasma chemical technologies. In the last few years, the treatment of materials at higher pressures both in electropositive and electronegative gases started to be an important problem for plasma science and technology. Due to the complexity of studied problems the computational approach is now being widely used.
Simulations of processes in plasma can be based on various approaches. Fluid modelling is commonly used for the analysis of many types of problems both in one or more dimensions, however no direct evidence about behaviour of individual charged particles can be derived and only macroscopic plasma phenomena can be described. On the other hand, particle codes leading to detailed microscopic information about plasma processes are connected with long computer running times, especially in more dimensions. Non self-consistent form of particle approach, where solving Poisson's equation is eliminated and external potential is used during the simulation instead, represents alternative way how to describe microscopic nature of plasma. Although non self-consistent solution is not as accurate as the self-consistent one, the models are computationally advantageous. External potential included in non self-consistent model can be obtained by various ways. Analytical formula of Chen [1] is used in [2] for example.
In the frame of this contribution, the non self-consistent approach was tested by onedimensional computation, using the potential calculated by the self-consistent technique. Finally, the non self-consistent algorithm was applied to problem of plasma-solid interaction at various pressures and the potential resulting from the two-dimensional fluid model was used.
2. One-dimensional non self-consistent particle model Non self-consistent particle technique was tested by applying to one-dimensional problem of plasma-solid interaction in argon plasma, considering a planar probe of infinite length. In order to test accuracy of the non self-consistent algorithm, we have compared results of the non self-consistent code with results of the self-consistent PIC/MC simulation (figure 1). To get purposeful comparison of both approaches, potential derived from self-consistent calculation was used as an input to the non self-consistent model. Figure 1 demonstrates a good conformity of the non self-consistent solution with the self-consistent one, however some small differences exist, as the non self-consistent approach is not able to suppress fluctuations in plasma.
Two-dimensional fluid model
Within this contribution, the combination of the fluid model and non self-consistent particle model is used to obtain characteristics of argon plasma in the vicinity of the cylindrical probe at pressures 13 Pa, 133 Pa and 1330 Pa. The potential distribution in sheath and presheath regions resulting from the fluid model is a starting point of the following non self-consistent computation.
Set of differential equations
The mathematical description of the fluid model consists of continuity equations for electrons (1) and positively charged argon ions (2) [3], Poisson's equation (3) and energy balance equation for electrons (4) 
In the equations (1)-(4) subscripts e, i and n denote electrons, positive ions and neutrals, respectively. Quantities appearing in the equations above are the number density n, particle flux Γ, electric potential ϕ, electric field intensity E and energy density w. D and µ are transport coefficients. Here, the particle flux is governed by the drift-diffusion approximation [4] . Rate coefficient of ionization k ion had been calculated separately by Monte Carlo method before starting the overall computation. The last term of equation (4) describes energy loss due to non-elastic collisions (excitation and ionization) and is further described in [5] , [6] . The energy loss due to elastic electron collisions C e,n can be expressed by the Krook's approximation [7] C e,n = 3
where m is mass, T is temperature and the mean collision frequency ν e,n corresponding to elastic collisions between electrons and neutral background can be approximated by the ChapmanEnskog formula [4] ν e,n = n n σ e,n v e
with mean electron velocity v e = 8kT e /πm e and effective collision cross section σ e,n . Advanced boundary condition for electron density on the probe
was used. In the equation (7) n is a surface normal (see [8] and [9] for more detailed information). 
Method of solution
The system of partial differential equations included in the model has been solved by the finite element method. Solver COMSOL Multiphysics was used. Model parameters are enumerated in table 3 and in addition, the aspects of the fluid model are described in [5] in more detail. number of particles entering the domain T e = 23 210 K electron temperature T i = 300 K ion temperature ∆t e = 1 × 10 −12 s time step for molecular dynamics simulation of electrons ∆t i = 1 × 10 −9 s time step for molecular dynamics simulation of ions
Results of two-dimensional non self-consistent technique characterizing argon plasma around the cylindrical probe of radius R p = 1 × 10 −4 m are presented in figure 2 . The algorithm itself works with Cartesian coordinate system. The results are averaged over angular coordinate to get dependence of quantities on radial coordinate r. Expected logarithmic dependence of number density on the distance from the probe (figure 2) corresponds both to results of experimental investigation and to the analytical solution of the diffusion equation.
Values of time steps ∆t e and ∆t i controlling the electron and the ion motion during the molecular dynamics simulation (table 4) were chosen ten times smaller than in one-dimensional case (table 2) 
Conclusions
The possibility to use the non self-consistent technique to study processes in the sheath and presheath regions during the plasma-solid interaction is supported by comparison of the selfconsistent and non self-consistent approaches illustrated in figure 1 . It is obvious, that the accuracy of the non self-consistent algorithm depends on the external potential taken into the simulation. Here the potential derived from the fluid modelling has been considered to avoid time-consuming self-consistent simulations. In [6] it was proved that the combination of fluid modelling and Monte Carlo determination of corresponding coefficients (see section 3.1 ) provides results which are very similar to self-consistent simulation. Essential reason giving support to non self-consistent approach is the efficiency of algorithms. Considering the presented two-dimensional simulations, the non self-consistent model gives results about hundred times faster than the self-consistent one for identical parameters of both models, since solving the Poisson's equation is replaced by including the external electric potential into the model. Such a feature is desirable particularly in three-dimensional case, where the performance of the overall computation is affected by solving Poisson's equation very significantly and then the non self-consistent technique can speed up the performance by many orders of magnitude.
